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1. Introduction
256QAM is considered as one candidate enhancement to improve the peak rate performance in small cell deployments. Studies on 256QAM have been performed in RAN1 and preliminary performance evaluations taking factors such as Rx and Tx EVM into account were discussed in RAN1 #73 and results were summarized in [1]. The standard impacts of supporting 256QAM were briefly mentioned in [1], where the following aspects were captured:

· eNB Tx EVM and UE impairment in RAN4
· CQI/MCS/TBS tables 
· Mechanism for the eNB to select and inform the UE whether the new CQI/MCS/TBS tables are used
· PUCCH and PDCCH/EPDCCH design if larger UCI/DCI payload size is used.
In this contribution, we provide discussions on RAN1 standard impacts to support 256QAM in small cell scenarios.

2. Discussion

In order to support 256QAM for higher spectral efficiency in small-cell scenarios, new MCS/CQI/TBS tables that cover 256QAM have become necessary and need to be defined in the specification. Potentially, the mechanisms for the eNB to select and inform the CQI/MCS/TBS tables to UE, and the design for PUCCH and PDCCH/EPDCCH due to UCI/DCI payload size change need to be considered.  

Regarding MCS/CQI/TBS tables to support 256QAM, new entries for 256QAM need to be added and designed to provide proper resolution to cover the operating SINR region of 256QAM. There are several options for table design:

· Option 1: Extend current MCS/CQI/TBS tables with additional entries for 256QAM

In this option, the current tables can be extended by adding a few entries to support 256QAM. The extended tables could cover the SINR region of 256QAM well without compromising the “resolution” in relatively low SINR region, i.e. the region of existing MCSs. However, this design leads to the change of DCI/UCI payload size and further impacts the feedback mechanisms which result in large standard impacts. 

For example, changing the size of CQI table will result in an increased CQI payload in the uplink and will significantly impact current PUCCH feedback mechanism. Therefore, it is not desirable to extend the size of CQI table to support 256QAM.

Observations:

· It is desirable to keep the CQI table size to support 256QAM with minimum standard impact.

· Option 2: Keep the same size of MCS/CQI/TBS tables by replacing some of the table entries by the ones for 256QAM

In this option, the tables are able to support 256QAM without extending the number of table entries i.e. the number of bits in the DCI/UCI formats remains the same. Part of the existing entries in current tables could be preserved or adjusted, while the other entries are filled for 256QAM. This option has the advantage that there is no need to change DCI/UCI payload size and related reporting mechanisms and hence the standard impact is not as big as option 1. One drawback of this option is that, in order to keep the table size, the resolution of the table is decreased which may affect the system performance. In addition, it is required to have a mechanism for the eNB to select and inform the CQI/MCS/TBS tables to UE. For example, for 256QAM capable UEs, the table with support of 256QAM should be used and this information could be signaled to UE using RRC message, while the current CQI/MCS/TBS table should be used for legacy UEs not supporting 256QAM.

Herein again we take CQI table as an example to discuss the table design without changing the table size. Current CQI table are designed to support modulation up to 64QAM for SINR range from around -10dB to 20dB as shown in Figure 1. The SINR granularity between two CQI indices is around 2dB. By introducing 256QAM, the CQI table needs to be designed to cover a SINR range up to around 25dB, i.e., the entry with highest index in the table should be designed to support SINR around 25dB. On the other hand, to ensure proper communication between eNB and UE under poor channel conditions, the entry with lowest index in current CQI table should be preserved. 

With the above considerations and in order to maintain the table size without adding new entries, the SINR step between two CQI indices needs to be increased, roughly from 2dB in current table to 2.5dB for the new CQI table. Consequently, the channel reporting is less accurate due to the sparser sampling in the SINR region in the new CQI table, and system performance may be degraded.

On the other hand, with same size of CQI table, the number of bits for CQI reporting in UL remains the same as current design. There is no impact on UL reporting scheme and PUCCH format design. Therefore, it is still desirable to keep the CQI table size.
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CQI  M  SNR[dB]   MI      R

 1   2   -9.5   0.1523   0.0762

                               

 2   2   -7.5   0.2344   0.1172

                               

 3   2   -5.2   0.3770   0.1885

                               

 4   2   -2.8   0.6016   0.3008

                               

 5   2   -0.7   0.8770   0.4385

                               

 6   2    1.3   1.1758   0.5879

                               

 7   4    3.2   1.4766   0.3691

                               

 8   4    5.0   1.9141   0.4785

                               

 9   4    6.9   2.4063   0.6016

                               

10   6    8.2   2.7305   0.4551

                               

11   6   10.6   3.3223   0.5537

                               

12   6   12.4   3.9023   0.6504

                               

13   6   14.5   4.5234   0.7539

                               

14   6   16.6   5.1152   0.8525

                               

15   6   18.5   5.5547   0.9258
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Figure 1 CQI table to support up to 64QAM

Proposal: 

· When designing new MCS/CQI/TBS tables, the entry with the lowest index in current tables should be preserved for proper communication under poor channel condition.  

· The size of CQI table should remain the same as current design.

· Option 3: Adaptive MCS/CQI/TBS tables for different scenarios
In this option, there can be two groups of MCS/CQI/TBS tables, i.e., one optimized for relatively low SINR region (e.g. it could be the current tables) and the other optimized for high SINR region to support 256QAM. Two groups of tables are applied for 256QAM capable UEs, while the current tables are used for legacy UEs. In this case, mechanisms are required to explicitly inform a 256QAM capable UE which group of MCS/CQI/TBS tables is used to adapt to different scenarios. One alternative is to use RRC signaling, e.g., the information about which group of tables are used is sent to a UE as a part of RRC message and it is not updated until further RRC signaling. However, involving RRC signaling as a part of scheduling may not be a desirable solution, since it sacrifices the scheduling flexibility and would result in performance degradation.

 Observation: 

· Having two groups of MCS/CQI/TBS tables and using RRC signaling as a mechanism for eNB to select and inform 256QAM capable UE about the table in use may not be a desirable solution from scheduling perspective.  
3. Conclusions
In this contribution, we discussed the standard impacts of supporting 256QAM in small cell scenarios, and made the following observations and proposals: 

Observations:

· It is desirable to keep the CQI table size to support 256QAM with minimum standard impact.

· Having two groups of MCS/CQI/TBS tables and using RRC signaling as a mechanism for eNB to select and inform 256QAM capable UE about the table in use may not be a desirable solution from scheduling perspective.  
Proposals: 

· When designing new MCS/CQI/TBS tables, the entry with the lowest index in current tables should be preserved for proper communication under poor channel condition.  

· The size of CQI table should remain the same as current design.
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